In this paper, we introduce the p-adic Hardy type operator and obtain its sharp bound on the p-adic Lebesgue product spaces. Meanwhile, an analogous result is computed for the p-adic Lebesgue product spaces with power weights. In addition, we characterize a sufficient and necessary condition which ensures that the weighted p-adic Hardy type operator is bounded on the p-adic Lebesgue product spaces. Furthermore, the p-adic weighted Hardy-Cesàro operator is also obtained.
Introduction
p-adic numbers were introduced by Hensel at the end of the th century, they constitute an integral part of number theory, algebraic geometry, representation theory and other branches of modern mathematics (see [, ] ). However, the geometry of the space Q p is surprisingly unlike the geometry of the space R, in particular the Archimedean axiom is not true in Q p . Therefore the field of p-adic numbers has natural hierarchical structures, we refer the reader to [-] . In recent years, theories of functions and operators from Q n p into R or C play an important role in the p-adic quantum mechanics, in p-adic analysis. Studies of the p-adic Hardy operators have drawn more and more attention (for example, see [-] ).
For a prime number p, let Q p be the field of p-adic numbers. It is defined as the completion of the field of rational numbers Q p with respect to the non-Archimedean p-adic norm | · | p . This norm is defined as follows: || p = ; if any non-zero rational number x is represented as x = p γ m n , where γ is an integer and the integers m, n are indivisible by p, then |x| p = p -γ . It is easy to see that the norm satisfies the following properties:
(i) |x| p ≥ , ∀x ∈ Q p , |x| p =  ⇐⇒ x = ; (ii) |xy| p = |x| p |y| p , ∀x, y ∈ Q p ; (iii) |x + y| p ≤ max{|x| p , |y| p }, ∀x, y ∈ Q p , and when |x| p = |y| p , we have |x + y| p = max{|x| p , |y| p }.
It is well known that Q p is a typical model of non-Archimedean local fields. From the standard p-adic analysis, we know that any non-zero element x of Q p can be uniquely represented in the canonical series
where a j are integrals,  ≤ a j ≤ p -, a  = . The series converges in the p-adic norm because 
, and we set B γ () = B γ and S γ () = S γ . Since Q n p is a locally compact commutative group with respect to addition, it follows from the standard analysis that there exists a Harr measure dx on Q n p , which is unique up to a positive constant factor and is translation invariant. We normalize the measure dx such that
where |B| H denotes the Harr measure of a measure subset B of Q n p . By simple calculation,
The most fundamental averaging operator is Hardy operator defined by
where the function f is a nonnegative integrable function on R + and x > . A celebrated integral inequality, due to Hardy [] , states that
holds for  < q < ∞, and the constant- is the best. For the multidimensional case n ≥ , generally speaking, there exist two different definitions. One is the rectangle averaging operator defined by
where the function f is a nonnegative measurable function on (, ∞) n , and 
where n is the volume of the unit ball in R n . 
where f is a nonnegative measurable function on Q n p , B(, |x| p ) is a ball in Q n p with center at  ∈ Q n p and radius |x| p , and they proved the sharp estimates of the p-adic Hardy operator on Lebesgue spaces with power weights.
In , Lu et al.
[] gave the definition of Hardy operator on higher-dimensional product spaces as follows:
where f is a nonnegative measurable function on
Furthermore, the corresponding operator norm on the Lebesgue product spaces with power weights was worked out.
Next, we will introduce the definition of Hardy type operator on the higher-dimensional p-adic product spaces as follows and discuss the boundedness and best bound on the product of p-adic Lebesgue spaces.
In , Carton-Lebrun and Fosset [] defined the weighted Hardy operator H ψ by
where 
where ψ is a nonnegative function defined on Z * p , and they gave the characterization of the function ψ for which H p ψ is bounded on L q (Q n p ),  ≤ q ≤ ∞, they also got the corresponding operator norm. Obviously, if n =  and ψ(x) = , then H p ψ just reduces to the p-adic Hardy operator H p on Q p , which is defined by
In , Fu et al.
[] introduced the definition of weighted Hardy operator on higherdimensional product spaces as follows:
They obtained a sufficient and necessary condition which ensures that the operator H m ϕ is bounded on the Lebesgue product spaces.
Next, we will extend the operator H m ϕ to the higher-dimensional p-adic product spaces.
p . The p-adic weighted Hardy type operator is defined by
where ϕ is a nonnegative measurable function on Z *
It follows from the Fubini theorem that we can easily formulate the dual operator of H 
where ϕ is a nonnegative measurable function on Z * Motivated by these famous results, first we will give a higher-dimensional version of the p-adic weighted Hardy-Cesàro operator. 
The paper is organized as follows. Section  is devoted to the sharp estimates of H p m on the p-adic Lebesgue product spaces with power weights. In Section , we present necessary and sufficient conditions for the boundedness of the weighted Hardy type operator and its dual operator. Furthermore, the p-adic weighted Hardy-Cesàro type operator also has the corresponding conclusion. In Section , we state explicitly the main conclusions of the research. 
Sharp estimates for the p-adic Hardy type operator
We provide the following weighted extension of this result. 
When α i = , the sharp estimate of the p-adic Hardy type operator will be easy to get on the p-adic Lebesgue product spaces, so we only provide the proof of Theorem ..
Proof Without loss of generality, we consider only the situation when m = . Actually, a similar procedure works for all m ∈ N. We set
, in the following we briefly call this function a radial function on the p-adic Lebesgue product spaces with power weights. We have
Using Hölder's inequality, we get
Therefore,
. This implies the claim that if f is a radial function, then we have g f = f . This means that the norm of the operator H p  is equal to the norm that makes H p  restricted to the set of radial functions. Consequently, without loss of generality, it suffices to fulfil the proof of the theorem by assuming f is a radial function.
Substituting the variable
Using the generalized Minkowski's inequality and noting that f is a radial function, we have
Therefore, 
Conclusions
In the present study, we introduced a class of p-adic Hardy type operator and considered the problem of finding a bound for the norm of it from p-adic Lebesgue product spaces with power weights to itself. Moreover, we characterized a sufficient and necessary condition which ensures that the weighted p-adic Hardy type operator is bounded on the p-adic Lebesgue product spaces. In addition, we also extended the results to the p-adic weighted Hardy-Cesàro operator.
